Introduction
Although dissociation energies and other spectroscopic parameters for the ground states of most of the group III homonuclear diatomic molecules have been determined experimentally,l to our knowledge this is not the case for Tl~.
. 2 Drowart and Honig, suggest an upper limit to the bond energy of T12 of 0.9 eV. This is based on the failure to observe any T12 signal in Tl vapor at approximately 900 o K,3 and therefore implies no lower limit. Considering this upper limit and the bond energies of Hg 2 and Pb 2 they estimated the T12 bond energy to be about 0.6 eV. This value has been reported in some subsequent reviews as if it were an experimental result. The only positive experimental data concerning T12 appear to be the spectra of Ginter etal,4 which include
emission bands in the range 15,300 to 16,000 cm and adsorption bands
in the range 23,000 to 23,500 cm ·for Tl vapor at about l600 o K.
Unfortunately a detailed interpretation of the spectra appears unfeasible for the present; indeed, it is not absolutely certain that these bands arise from T1 2 . There is considerable interest in the properties of T12 in relation to recent experiments on parity nonconservation in transi-, , ' h II' 5 t10ns 1n atom1C t a 1um.
In an effort to explore this situation we have computed dissociation curves for the three states, 0+ 0 and 1 , g' u u of T12 which dissociate to neutral atoms in their ground states. In addition we have computed dissociation curves for the lowest 1/2 and g . + 6 1/2u states of T1 2
• Although this ion has been detected experimentally, its molecular parameters have not been reported.
Since for many purposes it can be considered to have only a single valence electron (due to the relativistic' contraction, the 6s shell is substantially lower in energy), and because of the large spin-orbit splitting, almost 1 eV between the 6Pl/2 and 6P3/2 spinors, Tl is a 2 \ . .
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., " I particularly interesting subject for heavy element bonding studies.
Unlike light atom bonding which is usually described in terms of sigma, 7 pi, etc. spin-orbitals, bonding between heavy atoms must be described in terms of spinors which are usually combinations of spin-orbitals of di~fering angular symmetry. This mixing of sigma, pi, etc. spin-orbitals is the result of the spin-orbit coupling as given by the Dirac equation.
The 6Pl/2 spinor is composed essentially of 6p sigma and pi type spin~ Thus it is not obvious whether Tl + should be more or less strongly 2 bonded than T1 2 •
Method
All of our present molecular calculations were done using the same 8 molecular spinor formalism as was used for TIll.
In this formalism the molecular calculations are carried out in terms of w-w coupling, the spin-orbit effects being included explicitly in the SCF optimizations.
The important relativistic effects (those implied by the Dirac equation),
were introduced using effective potentials (EP) derived from full DiracFock atomic wavefunctions •. The important differences betw'een our present calculations and those of Lee et al. 9 include the redefinition of the EPs, using the formulation of Christiansen ~ al,lO which greatly improves the accuracy relative to all-electron calculations, and the
US10n 0 corre at1ng con 19urat10ns w 1C a ows us 0 0 a1n a reasonable representation of molecular dissociation curves. Since the important mathematical details were given in references 8, 9 and 10, they will not be repeated here.
As in out previous calculations on TlR, we treat explicitly only the outer 13 electrons of atomic thallium (the ten 5d electrons, two 6s electrons and the single 6Pl/2 electron. The atomic spinors from which we derived our pseudospinors and EP were obtained from atomic calculations using a version of the numerical Dirac-Fock program written by
Desclaux.
The douQle-zeta Tl basis set employed in these calculations is identical to that used in our calculations on TlR. 8 The exponents
were optimized for the ground state atom after averaging the spin-orbit effects out of the relativistic EP. The excess d and s basis functions will allow some polarization for the Pl/2 bonding spinor. Also, as for TlR, the maximum n quantum number allowed by our molecular integral program was four. Because of this, and because the p and d basis functions
were optimized for spin-orbitals rather than for spinors, we expect that the overall quality of the basis is somewhat less than double-zeta'.
Calculations and Results
Using the above relativistic EPs and basis set, potential energy curves were computed for the lowest 0+ Plots of the dissociation curves for these three states are shown in Figure 1 . As can be seen these curves show very little bonding character, and in fact the 1 curve shows no minimum in this approximation. we expect that correlation corrections will be relatively small. Plots of these two curves are given in Figure 2 . The D and R values are to arise from the spin-orbit ter~ and is a purely.relativistic effect.
Although the inclusion of the spin-orbit term also lowers the energy of the T12 molecule, this is the result of the transition from molecular 6 ." \ , I
~.
spin-orbitals with considerable bonding nature to molecular spinors which closely approximate simple combinations of atomic Pl/2 sp~nors.
In the 1[+ state the two valence elec.trons are sigma bonding, in g 3 -3 the [ term both are pi bonding, while in the rr term one is sigma and g u the other pi bQnding. Correction for electron correlation will probably lower the singlet state more than the triplets; hence sigma and pi bonding strengths appear to be about equal for the two-electron system. 
